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The growing number of large macromolecular com-
plexes in the Protein Data Bank (PDB) has warranted
a closer look at these structures. An overview of the
types of molecules that form these large complexes
is presented here. Some of the challenges at the PDB
in representing, archiving, visualizing, and analyzing
these structures are discussed along with possible
means to overcome them.
Introduction
The Protein Data Bank (PDB) was established in 1971
(Bernstein et al., 1977) as an archive for biological mac-
romolecular structures. By 1974 there were 12 protein
structures in the archive, including myoglobin, hemo-
globin, carboxypeptidase A, and subtilisin (Table 1).
These structures are small, compact globular proteins
that represent pioneering efforts by the founders of
macromolecular X-ray crystallography. Over time, the
number of structures in the PDB has dramatically in-
creased (Figure 1) and at the time of this writing there
are over 28,000 entries in the PDB archives. A number
of advances in protein crystallography, the most popu-
lar method of structure determination for biological
macromolecules, have contributed significantly to this
growth. Recombinant DNA methods have made it pos-
sible to clone, express, and purify large quantities of
nearly any biological macromolecule (protein or nucleic
acid). Rapid and increasingly automated methods for
crystallization have emerged. Synchrotrons provide in-
tense sources of X-rays, while new detectors allow
rapid data collection. Finally, new and more automated
software for crystal structure determinations as well as
relatively easy access to high-speed computing have
also vastly reduced the time for data processing and
analysis.
In addition to advances in macromolecular crystal-
lography, new methods of structure determination have
also contributed to the growth in PDB holdings. Struc-
tures determined using nuclear magnetic resonance
(NMR) spectroscopy now represent about 15% of
PDB’s holdings. Electron microscopy (EM) is being
used to determine structures of very large complex
systems. Since the information obtained from these
methods shed light on different aspects of the struc-
ture, stability, and function of biological macromole-
cules, each method has carved out its own niche in the*Correspondence: berman@rcsb.rutgers.edu
1Lab address: http://rutchem.rutgers.edu/content_dynamic/faculty/
helen_m_berman.shtmlfield of structural biology. The growing number of NMR
and EM depositions to the PDB (Berman et al., 2000)
has necessitated an evolution in the representation, ar-
chiving, and analysis of structural data.
Along with the increase in the overall number of
structures deposited to the PDB, the complexity of
these structures has also increased. For example, in
the 1970s there were no more than two chains in the
crystal asymmetric unit, whereas now there are struc-
tures with more than 10 different chains (Figure 2). If
we measure complexity as a function of the number of
chains in the biologically functional unit, the picture is
slightly different. Whereas in the 1970s the biological
units of typical structures contained between one and
four chains, some of the structures deposited today,
like viruses and ribosomes, have far more complex bio-
logical assemblies. The number of chains is one mea-
sure of the size and complexity of a PDB entry; molecu-
lar weight is another measure of the same. For the
present discussion, biologically functional units with
greater that 500,000 Da are classified as large macro-
molecular complexes. Since all of these structures have
multiple chains in the biological assembly, they repre-
sent both large and complex structures. Here we pre-
sent an overview of the types of molecules that are in-
cluded in this class and discuss key issues and
challenges that these large structures present to the
PDB with regard to their representation, archiving, visu-
alization, and analysis.
Overview and Biological Significance
Although the large macromolecular complex structures
represent a small portion of the PDB, it is important to
note that the number of structures in this class is
rapidly growing. Presently, there are a little over 430
entries (representing about 1.5% of the PDB holdings)
that fit this classification, most of which were deposited
within the last ten years. While the majority of these
large complexes were solved using X-ray crystallogra-
phy, almost 21% of this subset were derived either
using electron microscopy, electron tomography, or
electron diffraction. With a growing interest in solving
structures of larger and larger complexes and with con-
tinuing advances in the field, the proportion of large
macromolecular structures in the PDB solved by EM is
likely to increase. A survey of the large macromolecular
complexes revealed that this class is currently com-
posed of some well-known assemblies, such as ribo-
somes and viruses, as well as multienzyme complexes
and structural proteins. A list of the major types of com-
plexes and assemblies comprising the large macromo-
lecular structures is shown in Table 2. It is evident from
this table that viruses comprise the largest group, fol-
lowed by ribosome and ribosomal complexes, large en-
zyme complexes, chaperonins, and structural protein
assemblies.
Viruses were the first large macromolecular struc-
tures to be studied at a high resolution (Harrison, 2001)
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382Table 1. The First Structures Deposited at the PDB
Molecule Name Source Citation
deoxy-hemoglobin Equus caballus (horse) (Bolton and Perutz, 1970)
oxy-hemoglobin Equus caballus (horse) (Perutz et al., 1968)
hemoglobin Petromyzon marinus (sea lamprey) (Hendrickson et al., 1973)
carboxypeptidase A Bos taurus (cow) (Quiocho and Lipscomb, 1971)
myoglobin Physeter catodon (sperm whale) (Watson, 1969)
subtilisin Bacillus amyloliquefaciens (Alden et al., 1971)
alpha-chymotrypsin Bos taurus (cow) (Birktoft and Blow, 1972)
pancreatic trypsin inhibitor Bos taurus (cow) (Huber et al., 1970)
rebredoxin Clostridium pasteurianum (Watenpaugh et al., 1973)
lactate dehydrogenase Squalus acanthias (spiny dogfish) (White et al., 1976)
cytochrome b 5 Bos taurus (cow) (Mathews et al., 1972)
papain Carica papaya (papaya) (Drenth et al., 1968)of icosahedral viruses are comprised of multiples of 60 romolecular complexes, are massive assemblies of pro-
Figure 1. PDB Content Growth
Growth in the number of structures deposited per year (red) and total holdings of the PDB (green) are shown from the time that the PDB was
founded. The numbers used for year 2004 were projected based on actual entries available at the time of writing this paper.and are composed of either deoxy-ribonucleic acid c
t(DNA) or ribonucleic acid (RNA) genomes, encased in a
highly symmetric protein coat. Some viruses have an h
1additional layer composed of lipids and proteins that
envelops the protein coat. These highly symmetrical p
massemblies infect living cells and take over the host’s
cellular machinery for its own multiplication. The virus a
Vstructures deposited to the PDB have two common
symmetries—icosahedral (about 200 structures, Table t
2) and helical (about 25 structures). The protein coatsopies of either one or a few different proteins. While
he majority of icosahedral virus structures in the PDB
ave been determined using X-ray crystallography,
0% were solved using electron microscopy. An exam-
le of an icosahedral virus, rhinovirus (Arnold and Ross-
ann, 1988) is shown in Figure 3A. Detailed views and
nalysis of icosahedral viruses are available from the
irus Particle Explorer (VIPER) (Reddy et al., 2001) da-
abase (http://mmtsb.scripps.edu/viper/).
Ribosomes (Figure 3B), another major class of mac-
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383Figure 2. Complexity of Structures in the PDB
This three-dimensional contour plot displays the PDB holdings with 5 or more chains in the asymmetric unit as a function of time. Prior to
1989 the maximum number of chains per asymmetric unit was limited to 4 (not shown here). The plot shows that there has been an increase
in number of structures with a higher number of chains per asymmetric unit between 1989 and 2004. The color bar on the right defines the
number of structures in each group.Multienzyme complexes are nature’s way of cleverly bisco, derived from spinach leaves (Taylor and Anders-
Table 2. Major Types of Molecules and Complexes Where the Mass of the Biological Unit Is Greater Than 500 kDa
Type of Molecule or Complex Number Year of First Publication Method Used for Determination
icosahedral viruses and complexes 199 1984 X-ray and EM
ribosome complexes 69 2000 X-ray and EM
chaperonin 20 1994 X-ray and EM
myosin II 11 2002 EM
structural, storage and other proteins 18 1991 X-ray and EM
multi-enzyme complexes 116 1992 X-ray
The groups of molecules listed here include a large variety of structures. Detailed lists containing PDB IDs of molecules included in the above
table are available in Table S1.teins and RNA that act as protein synthesis factories in
cells. Structures of the two major ribosomal subunits
30S (Schluenzen et al., 2000); (Wimberly et al., 2000)
and 50S (Ban et al., 2000) were first published in 2000.
The following year, the structure of a complete ribo-
some (Yusupov et al., 2001) was also determined. At
the time of this writing there are about 70 entries which
represent ribosome subunits and ribosomes com-
plexed with antibiotics, tRNA, or elongation factors.
While most of these structures were solved by X-ray
crystallography, about 11% were determined using
electron microscopy.packing several copies of one or several different en-
zymes in close proximity to efficiently carry out a single
or a series of biochemical reactions. The PDB holds
several examples of such large multienzyme com-
plexes. For example, glutamine synthetase from Sal-
monella typhimurium (Yamashita et al., 1989) has 12
identical subunits arranged in two layers of 6 subunits
(Figure 3C). Each subunit has a functional active site
that senses and synthesizes glutamine. Similarly, the
proteasome is a multicatalytic protease (Lowe et al.,
1995) composed of 14 copies of 2 catalytic subunits, α
and β, arranged in 4 rings of seven subunits each. Ru-
Structure
384Figure 3. Gallery of Large Macromolecular Complex Structures from the Molecule of the Month
(A) Rhinovirus (from the “Poliovirus and Rhinovirus” feature, August 2001); (B) ribosome (from the “Ribosome” feature, October 2000); (C)
glutamine synthetase (from the “Glutamine synthetase feature, June 2002); (D) rubisco (from the “Rubisco” feature, November 2000); (E)
GroEL-Gro-ES complex (from the “Chaperones” feature, August 2002; (F) ferritin (from the “Ferritin and Transferrin” feature, November 2002).
These images were created by David Goodsell.(Figure 3D) where the multiple active sites function in- hydrogenase complex, which catalyzes oxidative de-
Table 3. Distribution of Structures Solved by Electron Microscopy, Electron Tomography, and Electron Diffraction
Molecule type Number in PDB Resolution (Å) Date of first Deposition
Ribosome and ribosome complexes 32 7.5–16.8 1999
Icosahedral virus/virus complexes 26 9–30 1997
Myosin II (insect flight muscle)a 11 70 2002
Phage base plate 7 12 2003
Bacteriorhodopsinb 5 3–4 1990
Cadherina 4 30 2003
Aquaporinb 4 3–4 1997
GroEL 3 7.9–12.5 2001
Tubulinb 3 3–4 1997
Rec A 2 20.2 1996
Acetylcholine receptor 1 4 2003
Alpha actinin 1 20 2004
Calcium pump 1 6 2001
Flagella 1 4 2003
Myosin 1 8 2001
Proton pump 1 8 2002
Transferrin 1 7.5 2004
Tubulin 1 15 2001
Detailed lists containing PDB IDs of molecules included in the above table are available in Table S2.
aSolved by electron tomography.
bSolved by electron diffraction.son, 1997), is another well known multienzyme com- d
eplex. It is composed of 8 large and 8 small subunits
ependently to fix atmospheric carbon dioxide. A final
xample of a multienzyme complex is the pyruvate de-
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385carboxylation of pyruvate to form acetyl-CoenzymeA. It
is comprised of several different enzymes assembled
on a core of Dihydrolipoamide acetyltransferase. Cur-
rently, the structure of this structural and catalytic core
is available in the PDB (Hendle et al., 1995).
Other classes of large macromolecular structures in-
clude chaperonins, storage proteins, and some struc-
tural proteins. The chaperonin complex GroEL-GroES
(Xu et al., 1997) helps in protein folding (Figure 3E). The
first structure in this class was determined 10 years ago
and there are now about 20 such structures in the PDB.
Ferritin (Lawson et al., 1991), an iron storage protein, is
another example of a highly symmetric molecule (Fig-
ure 3F), while models based on the electron tomogra-
phy of the insect flight muscle protein myosin II (Chen
et al., 2002) form yet another interesting group of large
macromolecular structures in the PDB.
Challenges and Opportunities
More than thirty years ago, when the PDB was estab-
lished, elucidation of large macromolecular structures
was a distant goal in structural biology. Since then, this
field has made tremendous progress. The solution of
large biomolecular complexes and assemblies has pre-
sented several challenges in the representation, archiv-
ing, visualization, and analysis of these data. In the fol-
lowing sections, we discuss these challenges as
opportunities for improving the existing format and
framework of the PDB archive.
Representation of Symmetry Information
in Virus Files
Viruses, the most numerous group among the large
macromolecular structures in the PDB, have been
studied using X-ray crystallography and electron micro-
scopy over the past two decades. The most interesting
and complex feature of virus structures lies in the inher-
ent symmetry of these assemblies. The icosahedral or
helical symmetries of viruses are commonly exploited
in solving these structures. We limit the present discus-
sion to icosahedral viruses.
In usual practice, the structure of the smallest unit of
an icosahedron (a particle with 20 triangular faces) is
determined and deposited into the PDB. The entire
virus can be constructed from the deposited coordi-
nates using various symmetry operations. Over the
years, technologies and strategies for solving these
structures have evolved and improved, but a standard
reference and representation for these data has not
been clearly defined. Consequently, the symmetry in-
formation for constructing the complete virus has been
represented in several different formats, following var-
ied conventions and reference frames (crystallographic
or standard icosahedral). In most cases, there are re-
marks in the PDB file to explain the reference frame
and symmetry operations required for generation of the
complete virus particle. However, these textual descrip-
tions are not computationally accessible and cannot be
easily utilized to automatically generate the complete
assembly. The result is that these remarks often cater
only to structural virologists who have the knowledge
and tools for generating the complete virus assembly,while many of these virus structures cannot be easily
visualized and studied by general users.
There are two primary approaches for systematically
representing icosahedral symmetry information. The
first is to include a set of 60 matrices in the file, which
when applied to the deposited coordinates generates
the complete virus particle. More recently deposited
virus files have this representation. Thus the coordi-
nates of the complete icosahedral assembly for the
virus particles in these entries may be obtained as the
biological unit coordinates from the Research Collabo-
ratory for Structural Bioinformatics (RCSB) PDB web-
site (http://www.pdb.org/) or from the Protein Quaternary
Structure file server (http://pqs.ebi.ac.uk/). However,
the nomenclature used to describe the 60 matrices is
somewhat misleading. Also, this method of representa-
tion is only successful if the coordinates of the com-
plete icosahedral asymmetric unit are present in the de-
posited file and the 60 matrices are in the same
reference frame as the deposited coordinates. Pres-
ently there are some virus files where the reference
frames used for the coordinates and the 60 matrices
do not match, leading to errors. The case of the 60 ma-
trices is further complicated when the icosahedral
asymmetric unit itself has internal symmetry. For exam-
ple, in the case of the Paramecium bursaria chlorella
virus type 1 (PBCV1) (Nandhagopal et al., 2002), there
are 5040 copies of the capsomere protein in the outer
protein coat. Thus each of the 60 icosahedral asymmet-
ric units is composed of 28 copies of the trimeric cap-
somere (the deposited coordinates for this structure).
Symmetry operations (described by 28 matrices) are re-
quired to first generate the icosohedral unit and sixty
copies of this assembly in turn forms the complete
virus. However, inclusion of the additional 28 matrices
along with the 60 matrices can make the generation of
the virus particle confusing and even incorrect. Pres-
ently such scenarios are explained in text remarks in
the header section of the PDB file.
The second method of systematically representing
symmetry information for icosahedral viruses is to pro-
vide 5, 3, and 2 fold rotation information (Rossmann
and Blow, 1962) that can be applied on the deposited
icosahedral asymmetric unit coordinates in a specified
order within the standard icosahedral frame. For this
system to work successfully the coordinates need to
be moved to the standard icosahedral frame before ap-
plying the 5, 3 and 2 fold symmetries. In cases where
there is internal symmetry within the icosahedral asym-
metric unit, the additional symmetry information should
be applied before generating the virus particle. Thus
this method of representing the symmetry information
is intuitive and more universal. However, it presents
computational challenges in the handling and represen-
tation of all this information within the framework that
is presently used in the PDB.
As an attempt to simplify and standardize the gener-
ation of complete icosahedral virus particles, a data-
base called VIPER (http://mmtsb.scripps.edu/viper/)
was created. Here the coordinates of each icosahedral
virus in the PDB is individually oriented to a specific
reference frame and multiplied with a standard set of
60 matrices to generate the complete virus assembly
(Reddy et al., 2001). Additional information regarding
Structure
386the interactions between proteins in the assembly is a
malso available here. The Research Collaboratory for
Structural Bioinformatics (RCSB) is collaborating with o
tthe VIPER project to include the orientation and sym-
metry matrices for all virus structures in the database. e
nThis will help in the standardization, correction, and
completion of symmetry information in icosahedral b
avirus files in the PDB. Additionally, the RCSB is also
working toward reconciling the computational chal- t
flenges in representing icosahedral symmetry informa-
tion as 5, 3, and 2 fold rotations that can be applied a
msequentially in a specified order. The goal is to allow
future depositors a choice of systems for representing g
dsymmetry information in icosahedral virus files, while at
the same time making it possible for all users to easily p
cgenerate the complete and correct biological unit.
a
tLimitations of the PDB File Format
dWhen the PDB was created, relatively small structures
cwere being determined using X-ray crystallographic
fmethods. A file format, called the PDB format (Callaway
iet al., 1996), was created based on an 80-column
spunched card. Each PDB format file consists of a
dheader section where details about the authors, cita-
ftion, sequences of molecules in the crystal, secondary
sstructure information, and details about the crystalliza-
mtion, data collection, and refinement are included. The
lremaining records consist of atom site records includ-
ing coordinates, occupancy, temperature factors, resi-
due names and number, atom names and numbers, and A
Ithe names of each independent polymer chain (chain
ID). With the inclusion of structures solved by methods a
oother than X-ray crystallography in the archive, the
header section of the PDB format file has been modi- v
dfied to accommodate method-specific details. How-
ever, the restrictive, 80-column format was retained. In t
athis format, the maximum number of atoms that can be
included in a single PDB file is limited to 99999, since f
wonly 5 columns are allocated for atom numbers. Simi-
larly the number of residues per chain is limited to 9999, s
bwhich can be accommodated in 4 columns. In addition,
the number of chain identifiers allowed in a single file t
2is also restricted since only one column is allocated for
this purpose. Presently a maximum of 62 chain IDs are t
sallowed in a file where each ID is either one of the 26
letters in the English alphabet in upper or lower case t
tor the numbers 0–9.
When the format was first defined these limits did not i
aseem restrictive. However, with the increase in size and
complexity of the structures determined and deposited s
mto the archive, the PDB file format has fallen short in
several cases. Meanwhile, software developers have
(written applications for structure determination, struc-
ture analyses, and visualization that use this file format p
(for both input and output. Thus the PDB still makes all
deposited coordinate files available in PDB format. This b
tmeans that some of the entries are too large to be ac-
commodated in a single PDB format file. As a stopgap a
smeasure, these entries are currently represented in
multiple files, which is clearly not an ideal solution. m
tPresently, there are almost 20 such entries in the PDB.
Another file format, that places no restrictions on the v
ssize of the structure, has been developed (Bourne etl., 1997). The macromolecular Crystallographic Infor-
ation File (mmCIF) is a well-structured format, based
n a dictionary, that includes descriptions and defini-
ions for each and every aspect of the structure and its
xperimental determination. With the development of
ew methods for structure solution, this dictionary has
een updated and expanded to include information
bout these methods. The mmCIF file consists of data
ags followed by the data. This organization makes the
ile well defined, self consistent, and computer read-
ble. This format currently forms the basis for the data
odel for the Protein Data Bank (Westbrook and Fitz-
erald, 2003). Software developed to generate and han-
le these files is available from http://www.rcsb.org/
db/software-list.htmlmmcif/. Additionally, these files
an also be translated into XML format (Westbrook et
l., 2004). This provides users with the further advan-
age of using many off-the-shelf tools for handling the
ata files. Software developers are being strongly en-
ouraged to use either the mmCIF (or XML translations)
or future versions of their applications. This will make
t possible for all the results and key statistics in the
tructure determination pipeline to be harvested and
eposited automatically to the PDB. Visualization and
urther analysis will be facilitated by the use of this
tandard and it will not be necessary to work with
ultiple PDB files in order to study a large macromo-
ecular assembly.
rchiving Structures Solved by Electron Microscopy
n the past few years, electron microscopy has emerged
s a powerful method for the structure determination
f high molecular weight complexes (Frank, 2002). The
ery first structures determined by this method were
eposited in the PDB in 1997. In order to accommodate
hese large structures in the PDB, it was necessary to
dapt the archiving to meet the requirements of this
ield. After it was determined that the EM community
anted to deposit their structural data, it was neces-
ary to define exactly what kinds of information should
e collected and at what granularity. Letters were sent
o experimentalists to solicit their feedback in the year
000. In collaboration with the Macromolecular Struc-
ure Database group at the European Bioinformatics In-
titute, a dictionary of terms was created that describe
he information that should appear in the file. The dic-
ionary includes definitions for various steps involved
n the biochemistry, sample preparation, data collection,
nd analysis of structures determined by electron micro-
copy and is available at http://rcsb-dev.rutgers.edu:5015/
mcif_iims.dic/categories/.
At present, EM structures for which atomic models
3-dimensional coordinates) have been created are de-
osited at the PDB; map data are archived in the EMDB
http://www.ebi.ac.uk/msd-srv/emdep/) at EBI (A data-
ase for ’em, 2003). As of this writing there are 93 struc-
ures in the PDB (solved by EM or electron tomography)
nd 97 maps in the EMDB. Table 3 summarizes the
tructures solved by electron microscopy, electron to-
ography, and electron diffraction that are currently in
he PDB. Ribosomal complexes (Stark, 2002) and
iruses (Baker et al., 1999) lead the list here, while Myo-
in II from insect flight muscles (Chen et al., 2002),
Review
387phage base plate, bacteriorhodopsin, and other mole-
cules follow. The structure of the bacteriophage base
plate provides an excellent example of the progressive
fitting of component structures solved by X-ray crystal-
lography into maps created by electron microscopy
(Kostyuchenko et al., 2003). This has resulted in the de-
position of 6 coordinate files, each corresponding to
the fit of a different component of the phage base plate
in the EM map. The map itself is available at the EMDB.
Recently a Cryo-Electron Microscopy Structure De-
position Workshop (http://rcsb-dev.rutgers.edu:5015)
was organized by the RCSB PDB and the Computa-
tional Center for Biomolecular Complexes (http://ncmi.
bcm.tmc.edu/ccbc/) with the goal of reviewing the EM
dictionary as well as the policies for deposition of
structures determined by electron microscopy. Several
scientists from the EM community attended the meet-
ing and contributed recommendations for revising the
dictionary used for EM depositions. The draft of this
revised dictionary is now under review. At this work-
shop, the participants also strongly urged that the co-
ordinate and map data collected by the PDB and
EMDB, respectively, should be integrated so that a de-
positor does not have to input relevant information
twice. A path to accomplish this goal is now under de-
velopment.
Another important outcome of the workshop was the
decision to create a clear policy about data deposition,
much as had been done for structures determined by
X-ray crystallography (International Union of Crystal-
lography, 1989).
Visualization of Large Macromolecular Complexes
The most common use of three-dimensional structural
data is in visualization. There are several different appli-
cations and representations that allow analysis and vi-
sualization of different aspects of the structure. Most of
these applications are dependent on the PDB file for-
mat and information contained therein. Thus, it is im-
mediately obvious that visualizing large macromolecu-
lar structures can be challenging. Virus coordinate files,
where the machine-readable symmetry information is
either incomplete or incorrect, cannot be resolved by
visualization software. Similarly, deposition of large
structures as multiple files (due to limitations of the
PDB file format) makes it inconvenient to visualize the
entire assembly.
Structures determined by electron microscopy place
other demands on the visualization field. Since the res-
olution of these structures is often lower than those de-
termined by X-ray crystallography, the atomic coordi-
nates are likely to be less accurate. Thus in these cases
it would be useful to visualize the coordinates in the
context of the EM maps to gain a better understanding
of the structural features determined. Tools that are
presently available for this purpose include VISION
(Sanner et al., 2002), Chimera (Pettersen et al., 2004),
VMD (Humphrey et al., 1996), SenSitus (Birmanns et al.,
2004), Deep View Swiss-PDB Viewer (Guex and Peitsch,
1997), SAIL (a custom software that works under IRIS
Explorer [Dougherty and Chiu, 2000]), and some commer-
cial software like Amira (http://www.amiravis.com/), AVS
Express (http://www.avs.com/), and PyMol (DeLano Sci-entific LLC, http://pymol.sourceforge.net/). Some of
these software can dock or fit models in EM volumes
while others require separate programs for this func-
tion. Overall, most of these tools are designed for spe-
cialized users. Quicker and simpler tools that can han-
dle superposition and visualization of EM maps and
models would make such structural analysis accessible
to novice users too.
The PDB continues to update and improve the dictio-
nary and file formats that underlie the data in the ar-
chive and to provide complete and correctly annotated
coordinate files in multiple formats for all types of struc-
tures. These files in turn present several opportunities
for members of the community in developing new visu-
alization, analysis, and research tools to better under-
stand the structures of the large macromolecular com-
plexes.
Supplemental Data
Supplemental tables are available online at http://www.structure.
org/cgi/content/full/13/3/381/DC1/.
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